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(54) Title: BRANCHED BALLOON CATHETER ASSEMBLY 




(57) Abstract: A balloon catheter 
assembly comprising a catheter delivery 
tube (1) which is branched at its distal 
end (3) into two branch delivery tubes 
(4, 5) on each of which are mounted 
respective inflatable balloons (6, 7). A 
stent (19) is mounted over the balloons (6, 
7) so as to be expanded therewith during 
deployment. The stent (19) comprises 
multiple linked cylindrical elements (20) 
and the arrangement is such that a number 
of the elements (20) at the proximal end 
of the stent are of larger diameter than the 
remainder so as to enable them to receive 
both balloons (6) and (7), whereas the 
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BRANCHED BALLOON CATHETER ASSEMBLY 

This invention relates to a balloon catheter assembly and to a 
method of fabricating such an assembly. 
5 Balloon catheters are used in the treatment of various anatomical 

ducts in the body, such as blood vessels, the urinary ducts, or digestive 
ducts. A particular application is in the treatment of blood vessels 
exhibiting stenosis. 

The conventional balloon catheter comprises a catheter delivery 

10 tube on the distal end of which is mounted a balloon of flexible material. 
During a balloon angioplasty procedure, the balloon is moved along blood 
vessels within the body to the site of the lesion and, when correctly 
positioned, is inflated, usually by means of fluid pressure supplied along the 
hollow interior of the catheter delivery tube. As the balloon inflates it 

1 5 expands against the vessel wall and thus applies outwards pressure to the 
wall tending to enlarge the vessel's lumen to remove or reduce the effect of 
a partly blocked vessel. Once the balloon has been inflated to the desired 
extent, the pressure is released, and the balloon deflates and is removed, 
leaving the vessel in its enlarged state. In order to avoid collapse of the 

20 vessel after treatment, a stent may optionally be carried by the balloon and 
left in place when the balloon is removed in order to act as a reinforcement 
for the vessel wall, thus maintaining the enlarged state of the lumen. 
There are many designs of stent available and their construction and 
deployment are both well known. 

25 The present invention is directed particularly at the treatment of 

bifurcated vessels, these usually comprising a main branch and a side 
branch, and wherein treatment is necessary in both branches and/or 
possibly at the bifurcation itself. Currently treatment of such vessels would 
usually be carried out with two separate balloon catheters using a 

30 technique known as the kissing balloon technique and described, for 
example, in US Patent No. 4,896,670 and in WO 00/27307. Other 
techniques, for example using a stent to initially dilate the main branch of 

CONFIRMATION COPY 
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the vessel, may also be used. 

The present invention seeks to provide an improved balloon catheter 
assembly for the treatment of bifurcated vessels, which it is hoped will 
reduce intervention time and enhance the safety of the surgical procedure. 
5 In accordance with a first aspect of the invention there is provided a 

balloon catheter assembly comprising a catheter delivery tube which is 
branched at its distal end into at least two branch delivery tubes and 
wherein each of said branch delivery tubes carries a balloon mounted 
thereon. 

1 o Generally speaking each balloon is mounted at the distal end of the 

respective branch delivery tube. 

During a surgical procedure, the two balloons are moved 
simultaneously to the area to be treated. For this purpose, one or more 
guide wires may be used, as will be explained in more detail below, and the 

1 5 balloons themselves are generally brought together so as to present the 
minimum cross sectional area for the journey to the treatment site. 

The balloons may each be positioned at the same distance from the 
branch along their respective branch delivery tubes so that the balloons are 
essentially in parallel with one another. Typically the distance between the 

20 branch and the proximal ends of the balloons will be between 5 mm and 50 
mm. Alternatively the balloons may be positioned such that they are 
positionally stepped in relation to one another. 

The balloons may be the same, or different; that is, the physical 
characteristics of the two balloons such as balloon material, dimensions 

25 (diameter, length) and general construction, may be the same as between 
the two balloons, or they may be different. For example the diameter and 
length may be different to suit particular circumstances. Alternatively the 
two balloons may have a different compliance so as to give them different 
inflation characteristics; this might be desirable where, for example, a layer 

30 of plaque on one of the branches of the vessel to be treated has to be 

broken, this requiring an excess fluid pressure to be applied to the balloon 
in the branch concerned. If such an increased pressure were also to be 
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applied to the other balloon, then that balloon might become over-inflated 
and cause damage to the vessel wall. One way of overcoming this 
problem is to use independent fluid pressure supplies to the two balloons, 
as suggested above; however, if the two balloons are supplied from a 
5 common supply, an alternative way of dealing with the problem is to make 
the other balloon of a construction which is less compliant so that, for a 
given fluid pressure, it inflates to a lesser extent. So-called "non- 
compliant" balloons are also available which expand, under pressure, up to 
a given diameter but will not expand significantly further even if the 

1 0 pressure is increased further (subject, of course, to extreme excess 
pressures being employed). 

Variation of compliance can be achieved either by suitable selection 
of the material of the balloon, or by changing the thickness and other 
physical characteristics of the balloon, or a combination of both. 

1 5 For operational reasons it is preferred that the distal end of one of 

the balloons extends beyond that of the other so that, as the catheter 
assembly is moved towards the treatment site, the distal end of one of the 
balloons extends beyond that of the other. This can be achieved by 
appropriate positioning of the balloons on their respective branch delivery 

20 tubes, or by appropriate sizing of the balloons, or both. In an embodiment, 
each of the balloons is formed with a narrow distal end, one of which is 
longer than the other or others so that the distal tip of the corresponding 
balloon extends beyond the other or others. This elongated distal end may 
be rounded at the tip to smooth the passage of the catheter assembly to 

25 the treatment site, and to allow positioning of the balloon once there. 

At least one of the balloons may be provided with a radio opaque 
marker positioned at a known position, for example the middle of the 
balloon, to indicate to the surgeon the start of the bifurcation in the vessel 
being treated. 

30 The catheter delivery tube is hollow to provide for inflation of the 

balloons from an appropriate fitting at its proximal end. At the point where 
the catheter delivery tube branches, the hollow interior of the tube may 
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simply divide into the branch delivery tubes so that the respective balloons 
may be simultaneously expanded by fluid pressure applied along the 
catheter delivery tube in the known manner and into the branch delivery 
tubes. However, it may be necessary to provide for independent inflation 
5 of the balloon and, to this end, the hollow interior of the catheter delivery 
tube may be divided into two or more independent lumens each of which, 
at the branch, communicates with a respective one of the branch delivery 
tubes. In this arrangement each balloon may be inflated independently of 
the other, and not necessarily at the same time. 

10 It is well known that a guide wire is generally used to guide a balloon 

catheter to the treatment site. The balloon catheter assembly of the 
present invention can also use one or more guide wires for this purpose. 
Various configurations can be used, for example both balloons over-the- 
wire or one balloon over-the-wire, the other monorail. The guide wire may 

15 extend from a fitting at the proximal end of the catheter delivery tube, or 
may be introduced at some intermediate position, as is well known. In the 
latter case, the guide wire may be introduced into the catheter delivery tube 
at an intermediate position proximal of the branch, or may be introduced 
into one or both of the branch delivery tubes at some position between the 

20 branch and the respective balloon. It is also possible to pre-mount a guide 
wire within one of the balloons; preferably such a pre-mounted guide wire 
has a tip which is larger than the guide wire lumen in order to prevent the 
guide wire from retracting into the lumen. Preferably this tip is rounded or 
has a higher distal profile and, if fitted on a balloon which extends beyond 

25 the other or others, can act as a rounded balloon tip to assist movement of 
the catheter assembly to the treatment site, as mentioned above. 

The pre-mounted guide wire is preferably fixed on the exterior of the 
catheter delivery tube for packing and transportation purposes, for example 
by means of silicone O-rings. 

30 Once it enters the catheter, whether at the proximal end or at an 

intermediate position, the guide wire is located in a lumen within the 
catheter. This lumen may be formed by the passageway through which 
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pressurised fluid is passed to inflate the balloons, or may be a dedicated 
lumen. 

It will thus be seen that there are various different ways in which the 
catheter assembly of the invention could use guide wires, and some of 
5 these will be described, by way of example, below. 

One or both of the balloons may be fitted with a stent which is 
preferably pre-mounted. Alternatively, a single bifurcated stent may be 
used, one arm being fitted over each of the balloons. Such bifurcated 
stents are known in the art. 
10 In accordance with a second aspect of the present invention there is 

provided a balloon catheter assembly comprising at least two balloons 
mounted on a stent of the type comprising a plurality of linked cylindrical 
elements, and wherein at least one of the elements at the proximal end of 
the stent is adapted to receive and encircle all of said balloons whilst the 
15 remaining elements are adapted to receive some, but not all, of said 
balloons. 

The two balloons may be separate balloons, or may be realised by 
the separate arms of a bifurcated balloon - as is well known a bifurcated 
balloon may comprise a common part and two or more arms extending 

20 therefrom. 

The catheter assembly may be of any suitable type comprising 
multiple balloons, for example the bifurcated type mentioned above. In the 
preferred embodiment however, the catheter assembly is constructed in 
accordance with the first aspect of the invention, in which separate balloons 

25 are each mounted on a respective branch delivery tube which has itself 
branched from a common catheter delivery tube. 

The stent comprises a plurality of individual, longitudinally aligned, 
cylindrical elements. Such stents use one or more linking members to link 
together the adjacent cylindrical elements so that the stent as a whole 

30 takes up a generally tubular configuration. A stent of this type is 
described, for example, in international patent application No. 
WO98/58600. For the purpose of the present invention, it has been found 
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that a stent of this type which uses just a single linking member between 
each pair of adjacent cylindrical elements is particularly suitable, and such 
a stent is described in GB-A-2369062. 

In order to use a multi-element stent of the type mentioned above in 
5 the catheter assembly of the present invention, the stent is arranged so that 
some of the cylindrical elements encircle both balloons whilst the remaining 
cylindrical elements encircle just one of the balloons. One method of 
realising this is as follows:- 

1) A standard stent is subjected to a pre-crimping operation such as 
10 to leave some of the cylindrical elements at the proximal end of a larger 

diameter than the remainder. This may be achieved either by crimping the 
cylindrical elements at the proximal end to a lesser extent to those at the 
distal end, or by leaving the cylindrical elements at the proximal end un- 
crimped, and crimping only the distal cylindrical elements to make them of 
1 5 smaller diameter. 

2) A balloon catheter assembly comprising two balloons is mounted 
on the pre-crimped stent in such a way that the larger diameter proximal 
end encloses both balloons, whilst the smaller diameter distal end encloses 
just one of the balloons. 

20 3) The stent is then subjected to a further crimping operation 

intended to bring both the distal and proximal parts of the stent down to a 
size which causes them to securely retain the mounted balloon assembly, 
taking into account the fact that the bulk of the assembly within the stent at 
its proximal end is greater than at its distal end. This will be explained in 

25 more detail below. 

In accordance with a third aspect of the invention, there is provided 
a method of fabricating the catheter assembly of the type described in the 
second aspect above, said method comprising: 

(a) subjecting the stent to a first crimping operation which results in 
30 the diameter of said at least one of the elements being greater than that of 

said remaining elements; 

(b) placing said balloons into the stent in such a way that all of said 
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balloons occupy said at least one cylindrical element, but a fewer number 
of said balloons occupy said remaining elements; and 

(c) subjecting the stent to a further crimping operation to provide the 
whole assembly with structural integrity and to reduce its cross sectional 
5 size sufficiently to enable it to be deployed. 

In order that the invention may be better understood, several 
embodiments thereof will now be described by way of example only and 
with reference to the accompanying drawings in which:- 

Figures 1 to 3 each illustrate diagrammatically an embodiment of the 
1 0 first aspect of the invention; 

Figure 4 illustrates diagrammatically the catheter assembly of 
Figures 1 to 3 mounted on a stent in accordance with the second aspect of 
the invention; 

Figure 5 is a perspective view of the catheter assembly and stent 

15 shown in Figure 4; and 

Figure 6 illustrates diagrammatically a typical sequence of steps 
which may be used to fabricate the stent assembly according to the second 
aspect of the invention. 

Referring firstly to Figure 1 there is shown a balloon catheter 

20 assembly constructed in accordance with the invention. The assembly 
comprises a catheter delivery tube 1 having, at its proximal end, a 
conventional fitting, represented diagrammatically under reference 2. At 
the distal end 3 of the delivery tube 1 , the tube branches to form two 
branch delivery tubes 4,5 which may or may not be the same cross 

25 sectional shape as the main delivery tube 1 . Mounted on each of the 
branch delivery tubes 4,5 is a respective inflatable balloon 6,7. For the 
purpose of illustration, the balloons are shown in a part-inflated state. The 
construction of the balloons, and the manner of their mounting on the 
branch delivery tubes is not described in detail since it is well known; each 

30 of the balloons is capable of being inflated by means of fluid pressure 
supplied via lumens in the main delivery tube and the respective branch 
delivery tube using techniques which are well known. The exact 
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arrangement of these lumens will depend upon the balloon inflation 
requirements. If the balloons are to be inflated simultaneously, then fluid 
pressure for this purpose can be supplied by a single lumen formed in the 
main delivery tube 1, which branches into respective lumens formed in the 
5 branch delivery tubes 4,5. If independent balloon inflation is required, 

separate lumens will have to be provided in the main delivery tube 1, which 
separate lumens communicate with the individual lumens formed in the 
branch delivery tubes 4,5. 

The main body of each of the balloons, namely the proximal and 

10 distal tapered portions and the cylindrical central portion, are substantially 
identical, although this need not necessarily be the case. However, the 
narrowed distal ends 8,9 of the balloons are of different length, that for 
balloon 7 being longer. The reason for this will be explained below. 

Two guide wires 10,1 1 are used to guide the catheter assembly to 

1 5 the treatment site. The technique is well known and will not be described 
in detail. During the procedure, each of the guide wires is passed up a 
respective branch of the vessel to be treated. The guide wires pass 
through their respective balloons and into a lumen in the respective branch 
delivery tubes 4,5. The guide wire 10 then passes into a lumen in the 

20 main delivery tube 1 and emerges at point 12. The guide wire 1 1 does not 
pass beyond the branch, and emerges instead from the branch delivery 
tube 5 at point 13. Other arrangements are possible: for example both 
guide wires 10 and 11 could extend into the main delivery tube 1 and 
emerge at the same or different points. 

25 Figure 2 illustrates an alternative embodiment in which the distal tip 

of the longer narrowed portion 9 of balloon 7 is formed with a rounded ball 
14. Other details are the same, except that it will be noted that only a 
single guide wire, reference 15, is used, this extending through the balloon 
6 and a lumen in branch delivery tube 4, to a lumen in main delivery tube 1 . 

30 Figure 3 illustrates a similar arrangement in which the balloon 7 is 

pre-fitted with a guide wire 17 which has an enlarged end 18 to prevent it 
from retracting back into the lumen. The enlarged end 18 is conveniently 
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round, as shown, so as to act in the same way as the rounded ball 14 in the 
embodiment of Figure 2. The pre-fitted guide wire emerges from the 
branch tube 5 at point 13, in a similar manner to the arrangement shown in 
Figure 1 , however the guide wire 17 is different in that it travels with the 
5 catheter assembly as it is moved to the treatment site. The guide wire 16 
is the same as guide wire 10, and is used in the conventional way. 

Figures 4 and 5 illustrate a catheter assembly of the type illustrated 
in Figures 1 to 3 which additionally comprises a stent 19. Any suitable 
type of stent may be fitted; that illustrated is a standard stent comprising a 

10 series of longitudinally-arranged expandable cylindrical elements 20 which 
are linked together by linking members 21 . Such stents are known in the 
art. One particularly suitable stent is described GB-A-2369062 and is 
characterised, amongst other things, by having just a single linking member 
21 between each cylindrical element 20. The existence of just a single 

15 linking member 21 between elements 20 makes this stent particularly 
suitable for use with the balloon assembly of the present invention. In 
Figure 4, the stent is arranged such that the leftmost two cylindrical 
elements 20 encircle both balloons 6 and 7, whereas the remaining three 
cylindrical elements 20 encircle only the balloon 6. This is clarified in the 

20 perspective view in Figure 5 which shows the stent in its expanded state 
and with the balloons partly deflated. 

Figure 6 illustrates the steps in a typical sequence of operations to 
fabricate the catheter assembly illustrated in Figures 4 and 5. 

Figure 6A shows the stent in the form in which it comes from the 

25 manufacturing process. The drawing is intended to illustrate a 6-element 
stent of the type described in GB-A-2369062, but other sizes and types are 
possible. 

Figure 6B illustrates the result of the first step in the process, namely 
a pre-crimping operation by which the three elements 34-36, at the distal 
30 end of the stent are crimped to a smaller diameter than the three elements 
31-33 at the proximal end. It will be understood that the split need not be 
3-3, as illustrated - another example is a 2-3 split in a five element stent, as 
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illustrated in Figure 4. 

Figure 6C illustrates the stent of Figure 6B in vertical section, with a 
catheter assembly of the type illustrated in Figures 1 to 3 placed therein. 
Two possible catheter assemblies are illustrated: that on the left has one 
5 balloon 37 shorter than the other balloon 38, both balloons being 

substantially wholly encompassed by the stent; that on the right also has 
balloon 37 shorter than balloon 38, but illustrates that the balloon 37 may 
protrude beyond the confines of the stent. 

Figure 6D illustrates the result of a further crimping operation, by 

10 which the whole stent - proximal and distal elements - is crimped onto the 
balloons in order to provide structural integrity sufficient to allow the whole 
assembly to be handled safely, and also enable it to be of sufficiently small 
section to pass easily to the treatment site. Figure 6D shows left hand and 
right hand versions which correspond with those of Figure 6C. 

15 The manner in which the above-described catheter assemblies is 

used will be apparent to those skilled in the art. In the embodiment of 
Figure 1 the procedure commences by insertion of the guide wires 10 and 
1 1 . The balloon 7, having a longer narrowed distal portion 9, will navigate 
first into one or the other of the branches of the bifurcated vessel to be 

20 treated. The balloon 6 will navigate into the remaining branch. Once in 
position, the balloons are preferably inflated simultaneously to thereby 
dilate the two branches at the same time. This will prevent dissection 
and/or occlusion of one of the branches. However, it is possible that one 
balloon may be inflated before the other, or as an overlapping sequence, 

25 depending upon the circumstances. The catheter assembly described 
above allows flexibility in deciding how the balloons are inflated. 

In the embodiment of Figure 2, just a single guide wire 15 is inserted 
and taken up one of the branches of the bifurcated vessel to be treated. 
This is then used to guide the catheter assembly to the treatment site with 

30 the balloon 6 entering the branch in which the guide wire is situated. The 
rounded tip 14 enables the balloon 7 to navigate by itself into the other 
branch. 
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In the embodiment of Figure 3, the single guide wire 16 is inserted 
and is then used to guide the catheter assembly to the bifurcation in the 
vessel being treated. At this point the pre-mounted guide wire 17 can be 
navigated into one of the branches of the vessel and the catheter advanced 
5 to guide the balloon 7 into that branch. Finally, the balloon 6 is navigated 
into the other branch. 

All of the above methods can be used where one or both balloons 
are pre-fitted with stents. In the case where a bifurcated stent is used, it is 
possible that one of the "branches" of the stent is shorter than the other. 
10 This is not an essential feature of a bifurcated stent but will depend upon 
conditions at the treatment site. Normally such a stent will be used with 
the longer branch of the stent in the main branch of the vessel being 
treated, while the shorter branch of the stent enters a side branch. 
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CLAIMS 

1 . A balloon catheter assembly comprising a catheter delivery tube 
which is branched at its distal end into at least two branch delivery tubes 

5 and wherein each of said branch delivery tubes carries a balloon mounted 
thereon. 

2. A balloon catheter assembly as claimed in claim 1 wherein each of 
the balloons have a different compliance so as to give them different 
inflation characteristics. 

10 3. A balloon catheter assembly as claimed in either one of claims 1 or 
2 wherein the distal end of one of the balloons extends beyond that of the 
other. 

4. A balloon catheter assembly as claimed in claim 3 wherein each of 
the balloons is formed with a narrow distal end, one of which is longer than 

15 the other so that the distal tip of the corresponding balloon extends beyond 
the other. 

5. A balloon catheter as claimed in claim 4 wherein said one of the 
narrow distal ends is rounded at its distal tip. 

6. A balloon catheter assembly as claimed in any one of the preceding 
20 claims wherein each balloon is positioned on its respective branch delivery 

tube the same distance from the branch as the other. 

7. A balloon catheter as claimed in any one of the preceding claims 
wherein the stent delivery tube has a hollow interior which divides into the 
branch delivery tubes so that the respective balloons may be 

25 simultaneously expanded by means of fluid pressure applied along the 
catheter delivery tube. 

8. A balloon catheter assembly as claimed in any one of claims 1 to 6 
wherein the interior of the catheter delivery tube is divided into two 
independent lumens each of which communicates with a respective one of 

30 the branch delivery tubes so that the respective balloons can be expanded 
independently of one another. 

9. A balloon catheter assembly as claimed in any one of the preceding 
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claims further comprising at least one guide wire, located within a lumen or 
lumens within the delivery tubes, so as to enable the balloons to be guided 
to a treatment site. 

10. A balloon catheter assembly as claimed in claim 9 wherein a 
5 separate guide wire is used for each balloon. 

11. A balloon catheter assembly as claimed in either one of claims 9 or 
1 0 wherein one of said guide wires is pre-mounted so as to enable it to be 
carried to the treatment site with its corresponding balloon. 

12. A balloon catheter assembly as claimed in claim 11 wherein the 
10 distal tip of said pre-mounted guide wire is larger than the corresponding 

guide wire lumen so as to prevent the guide wire from retracting into the 
lumen. 

13. A balloon catheter assembly as claimed in any one of the preceding 
claims wherein one or both balloons are fitted with a stent. 

15 14. A balloon catheter assembly as claimed in claim 13 wherein a single 
stent is used for both balloons, said stent comprising a series of 
longitudinally spaced expandable elements, and wherein a predetermined 
number of the elements at the proximal end of the stent extend over both 
balloons, and the remaining elements over just one of the balloons. 

20 15. A balloon catheter assembly as claimed in any one of claims 1 to 12 
wherein said balloons are fitted with a bifurcated stent having two arms, 
each positioned over a respective balloon. 

16. A balloon catheter assembly comprising at least two balloons 
mounted on a stent of the type comprising a plurality of linked cylindrical 

25 elements, and wherein at least one of the elements at the proximal end of 
the stent is adapted to receive and encircle all of said balloons whilst the 
remaining elements are adapted to receive some, but not all, of said 
balloons. 

17. A balloon catheter assembly as claimed in claim 16 wherein said at 
30 least one of the elements has a greater diameter than said remaining 

elements. 

18. A balloon catheter assembly as claimed in claim 17 wherein the 
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elements are brought to size by a pre-crimping operation in which said at 
least one of the elements is crimped to a lesser extent than said remaining 
elements. 

19. A balloon catheter assembly as claimed in claim 17 wherein said 
5 remaining elements are pre-crimped to render them of smaller diameter 

than said at least one of said elements. 

20. A balloon catheter assembly as claimed in any one of claims 16 to 
19 further comprising a catheter delivery tube which is branched at its distal 
end into at least two branch delivery tubes on each of which is mounted a 

10 respective one of said balloons. 

21 . A balloon catheter assembly as claimed in claim 20 wherein each of 
the balloons have a different compliance so as to give them different 
inflation characteristics. 

22. A balloon catheter assembly as claimed in either one of claims 20 or 
15 21 wherein the distal end of one of the balloons extends beyond that of the 

other. 

23. A balloon catheter as claimed in any one of claims 20 to 22 wherein 
the stent delivery tube has a hollow interior which divides into the branch 
delivery tubes so that the respective balloons may be simultaneously 

20 expanded by means of fluid pressure applied along the catheter delivery 
tube. 

24. A balloon catheter assembly as claimed in any one of claims 20 to 
22 wherein the interior of the catheter delivery tube is divided into two 
independent lumens each of which communicates with a respective one of 

25 the branch delivery tubes so that the respective balloons can be expanded 
independently of one another. 

25. A method of fabricating the catheter assembly as claimed in any one 
of claims 16 to 24, said method comprising: 

(a) subjecting the stent to a first crimping operation which results in 
30 the diameter of said at least one of the elements being greater than that of 

said remaining elements; 

(b) placing said balloons into the stent in such a way that all of said 
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balloons occupy said at least one cylindrical element,, but a fewer number 
of said balloons occupy said remaining elements; and 

(c) subjecting the stent to a further crimping operation to provide the 
whole assembly with structural integrity and to reduce its cross sectional 
5 size sufficiently to enable it to be deployed. 
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